Integration-free induced pluripotent stem cells derived from schizophrenia patients with a DISC1 mutation Schizophrenia, a severe brain disease with a prominent genetic basis, has been suggested to have a neurodevelopmental origin. 1 Although many candidate susceptibility genes for schizophrenia have been identified, 2 access to human neural progenitors and neurons to study the biology of disease genes is very limited. Induced pluripotent stem cells (iPSCs), reprogrammed from somatic cells of healthy subjects and patients, 3 offer an unprecedented opportunity to recapitulate both normal and pathologic human development, thereby enabling a new approach to understanding human disease mechanisms.
Rare, large pedigrees in which a single genetic locus is likely to confer disease susceptibility have proven to be invaluable for the study of complex disorders. 4 Disrupted-in-Schizophrenia 1 (DISC1) was initially identified at the breakpoint of a balanced t(1;11)(q42;q14) chromosomal translocation that segregates with schizophrenia, bipolar disorder and recurrent major depression in a large Scottish family. 5, 6 Linkage and association studies of additional populations have provided independent evidence to support the DISC1 locus as a risk factor for major mental disorders. 2 How DISC1 contributes to a spectrum of mental disorders is unknown. Studies from rodents have implicated DISC1 in many neurodevelopmental processes. 7 The splicing and expression of DISC1 in postmortem brains from individuals with schizophrenia is abnormal. 8 Little is known about the function of human DISC1, which is significantly different from the rodent gene. 8 We have previously identified an American family with schizophrenia and a 4 bp deletion in DISC1 that appears to result in diminished DISC1 expression. 9 Here, we report the derivation of multiple iPSC lines from two affected siblings of this family with the DISC1 mutation, and from a healthy individual.
We collected skin biopsies from a male patient (III:5; named D1) and his sister (III:7, named D2) who were diagnosed with chronic undifferentiated schizophrenia and chronic paranoid schizophrenia, respectively. 9 Both patients experienced auditory and visual hallucinations, multiple delusions and had formal thought disorder. 9 Male neonatal foreskin fibroblasts from American Type Culture Collection were used in parallel (CRL-2097; named C1). We confirmed normal karyotypes of all fibroblasts and the presence of the 4 bp deletion at the exon-intron 12 region in D1 and D2, but not C1 fibroblasts (Supplementary Figure 1 ; Supplementary Table 1) .
To avoid integration of foreign DNA into the host genome associated with classic virus-based methods of iPSC derivation, 3 we explored the episomal vector approach, which was previously used to generate integration-free iPSCs from fetal human skin fibroblasts. 10 Because of its low efficacy, no iPSC lines have yet been reported to be derived from adult patients using this approach. We transfected a mixture of reprogramming plasmids into fibroblasts by electroporation and plated them onto freshly prepared feeder layers (see Supplementary Information). Colonies of iPSCs were manually picked after 3-6 weeks for expansion and subjected to extensive characterization. Multiple lines were examined and a minimum of two lines from each fibroblast that exhibited characteristic properties of iPSCs were obtained ( Figure 1 ).
All iPSCs exhibited typical morphology of human embryonic stem cells (hESCs), normal karyotypes and expression of a panel of markers for human pluripotent stem cells, including Nanog, Oct4, Sox2, SSEA3, SSEA4, TRA-1-60, TRA-1-81 and TRA-2-49 (Figures  1a-c; Supplementary Figure 2) . Successful reprogramming requires demethylation of CpGs in promoter regions of pluripotent genes, which are normally heavily methylated in fibroblasts. 3 Bisulfite sequencing analysis of genomic DNA from iPSCs demonstrated the largely unmethylated status of CpGs in Nanog and Oct4 promoters (Figure 1d ). The teratoma assay was used to determine the pluripotency of iPSCs after injection into adult SCID/Beige mice. Tumors were harvested 1-3 months later and histological analysis showed the differentiation of iPSCs into ectodermal, mesodermal and endodermal tissues (Figure 1e; Supplementary Figure 3) . Sequencing analysis confirmed the 4 bp deletion in D1 and D2, but not C1 iPSCs (Figure 1f) . Using an established PCR-based detection method, 10 no signal for reprogramming plasmids was found in genomic DNA of iPSCs (Figure 1g) . Together, our analyses demonLetter to the Editor strated that these cell lines are bona fide iPSCs that maintain genetic characteristics of original subjects.
To our knowledge, this study presents the first iPSC lines derived from schizophrenia patients. In addition, it presents the first cases of generation of integration-free iPSCs from adult patients using the episomal vector approach. 10 Although significant effort has been made towards the derivation of iPSCs free of foreign DNA integration to avoid the disruption of host genome and potential reactivation of oncogenes used for reprogramming, these methods are generally much less efficient. 10 Our study demonstrates the feasibility of generating high quality integration-free iPSCs from adult patients. These established iPSC lines from schizophrenia patients with a defined DISC1 mutation will provide a useful resource for investigating the function of DISC1 in human neurodevelopment. Future studies using these iPSCs may serve as an entry point to clarify the molecular and cellular pathogenesis of schizophrenia.
Population-based and family-based association studies of ZNF804A locus and schizophrenia Recently, O'Donovan et al.
1 genome-wide association study found the single-nucleotide polymorphism rs1344706, in intron 2 of ZNF804A on chromosome 2q32.1, to be associated (P = 1.61 Â 10
À7
) with schizophrenia (MIM 181500).
Thus, ZNF804A is very likely a true susceptibility locus for schizophrenia, albeit one that confers a small increment in risk. 1, 2 We examined rs1344706 within two independent samples of Han Chinese populations: a population-based sample and a familybased sample. Our results provide further evidence for a positive association between the ZNF804A locus and schizophrenia.
The study was approved by the local psychiatry research ethics committees and informed consent was obtained from all subjects. The population-based sample included 566 schizophrenics (295 males, mean age = 35.2±11.9; 271 females, mean age = 32.6 ± 13.7) and 574 healthy control subjects (329 males, mean age = 29.0 ± 14.1; 245 females, mean age = 29.3±13.5). The family-based sample consisted of 101 schizophrenia probands and their biological parents. The probands included 39 males (mean age = 25.3±7.5) and 62 females (mean age = 22.2±6.8). All patients were diagnosed by the psychiatrists of the First Affiliated Hospital of Xi'an Jiaotong University School of Medicine according to Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) criteria for schizophrenia. The diagnosis was checked and verified by two independent senior psychiatrists who reviewed the psychiatric case records. The controls were drawn from local volunteers and blood transfusion donors, and the subjects with a personal or family history of mental illness were excluded by psychiatric colleagues.
Cases and controls were mixed on the same plates, and double-blind procedure was performed. Genotyping was accomplished by allele-specific PCR, in which methods have been described elsewhere. 3 To ensure that the obtained genotypes were valid, re-genotyping was performed on 80 random DNA samples for rs1344706. All genotypes were in agreement with the first round of genotyping, and no genotyping errors were found. Hardy-Weinberg equilibrium of rs1344706 was assessed using the software program Finetti (http://ihg2.helmholtz-muenchen.de/ cgi-bin/hw/hwa1.pl). For the case-control analysis,
